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We, iS. iloRGAN Smith Comp-vny, a cor- invention u the elimination of the storage 




sylvania, United States of America, do in conjunction witli other generating 
hereby declare the nature of this inven- sources or, if bo desired, may be operated 
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special storage facilities are ordinarily 
uureKsavy, such a8 storage batteries or coii- 
vorsion of the available power to some 
form enabling its subsequent re-use in the 
l>roduction of power is necessary in order 
U\ l arry i)(^ak demand over calm pcriotis 
;md to consei-ve peak geneiration over 
periods of low demand. This feature has 
iHUiu a uetessary troublesome aiul 
iucfficient feature of previous wind-ilrivcu 
el IT h ie power plants. 

An important object of the present 

[Price 1/-] 



High velocity txubuleiice, but it renders 
the generating station non-productive dur- 
ing a substantial number of hours jier 95 
year. Accordingly, the invention has for 
u further purpose the provision of i)ositiTe 
gale i)rotection for the entire aeroelertric 
generating station, including turbine and 
generator, without shutdowns during 100 
gales, by permitting the blades to iti- 
dopeiideutly rone down- wind, responsive , 
to wind foVces and to rcntrifugal forces, 
by meaiH of articulating couplings between 
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We, S. iloHGAN SmIth CoMPAmr, a cor- 
poration organised under the laws of the 
State of Pennsylvania, United States of 
America, of York, York County, Penn- 

6 sylvania, United States of .America, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed, to be particularly described 
and ascertained in .and by the following 

10 statement — • . 

This invention xel^ites to the conversion 
of the kinetic energy of the wind to 
electric energy by means of a propeller 
type wind turbine mounted on an elevated 

16 standaxd and an electric generator, in a 
predictable manner, and especially to the 
utilization of this principle for the opera- 
tion of automatic aeroelectric i^enerating 
stations adap|^ to-float on a high-line or 

20 on a distribution circuit, or of i^lated 
units of large output. 

Electric generators driven* by propeller 
type wind turbines have been used for 
many years for the generation. of electric 

25 energy, but because no such power unit 
has heretofore solved the fundamental 
problems involved, aero-generation of 
electric energy has met with no general 
large-scale application, being confined to 

30 so-called isolated-'-, unit, generating 
direct current and usually supported by 
. storjige batteries. / > . 
Broadly speaking, the di&culties lyin^ 
in the path of economic conversion of the 

85 kinetic energy of the wind to electric 
energy may oe said to present several 
problems. Wind, as a prime mover, leaves 
• something to be desired, since alternate 
calms and gales do not constitute a source 

40 of constant power. Accordingly, some 
special storage facilities are ordinarily 
necessai-y, such as stoi:age batteries or cou- 
vevsion of the available power to some 
form enabling its subsequent re-use m tlie 

45 production of power is necessary ui order 
to carry peak demand over calpi periods 
and to consei've peak generation over 
periods of low denmnd. This feature has 
been a necessary troublesome and 

50 inefficient feature of previous wind-driven 
oUM'tiic power plants. • 

An important object of the present 

[Price 1/-] 
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invention is the elimination of the storage 
problem and the provision of a wind tuf- 
oine of large capacity capable of such 65 
regulation that it may directly feed a line 
in conjunction with other generating 
sources or, if so desired, may be operated 
as an isolated unit generating alternating 
current having a limited frequency devija- 
tion sav of one or two cycles. 

Anotner object of the invention is to pro- 
vide an automatic aeroelectric generating 
station comprising . -a wind ^ turbine- 
generator unit and automatic control 
means for synchronizing the generator to 
the line and controlling the unit when the 
wind velocity is within a predetermined 
range and for removing the generator 
from the line whenever the wind velocity 70 
departs from said range. 

The energy in the wind varies as the 
cube of its velocity; for. example, assum- 
ing constant density, the energy available 
at 3d m.p.h. is 27 times that at 10 m.p.h. 
It is accordingly essential that an aero- 
electric generating station, in order to 
converi a substantial portion of the kinetic 
energy available to it, must be capable of 
operating efficiently through an extremely 80 
broad range of energy levels. 

Wind power plants, if advantageously 
exposed, must experience wind velocities 
in excess of 100 m.p.h. several times 
during the normal life of a generating 85 
station. Gale protection, by turning the 
blades of a wind-turbine out of the wind, 
about the vertical axis, the horizontal 
axis,, or the longitudinal axis, not only 
does not afford protection for either tur- 90 
bine or generator against the rapid 
changes in wind direction associated with 
high velocity turbulence, but it renders 
the generating station non-productive dur- J 
' ing a substantial number of hours per 95 
year. Accordingly, the invention has for 
a fuiiher purpose the provision of po.«iitiye 
gale protection for the entii'e aeroelectric 
generating station, including turbine and 
generator, without shutdowns during 100 
gales, by permitting the blades to in- 
dependently cone down- wind, responsive . 
to wind forces and to centrifugal forces, 
by means of articulating couplings between 
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• ::|^^V.tla^€^'^joot8 and.tKe hub. r.';-.-.;^ -../.greater than that. in the lo'wei" portion. 

/ "^n '^ciently converting wind energy to Since the utilization factor" of a txirhine 

elecl^ie^ 'energy without injury to* the * of this type is related not only to the pro- 

genefating station, consideration must, jected area of the turbine in jthe way of. 

6 likewise, be given to gusts. Wind gusts the wind but also to the coning angle, it 7C 

- . are of two types ; the first, observed near f oDows that the efficiency in the upper 

the ground where wind velocities habitu- portion of the disc area would tend to fall * 

. " ally fluctuate momentarily between wide below ihat in the lower portion. 

* limits, delivers force in the form of short A still further problem is related to sites 
10 gusts of relatively high velocity separated which are ridges. Tip to a certain height 7C 

" • By periods of relative calm. This type of above a ridge the airflow is not horizontal 

turbulence, which is composed of but contains a vertical component caused 

frictional gust*, is induced by the terrain by the deflection of the ridge. In a turbine 

• over which the air has passed, the intensity whose, axis of rotation is horizontal and 
16 of the turbulence being partially defined whicL.is ncrt free to cone, th« disc area 8( 
'by the roughness of the terrain. This wauld be at an angle of yaw to tha pre- 

, type of turbulence, diminishes with vailing wind direction, with resultant • 

altiiaide and follows certain more* or less lowered utilization. 

empirical lawi related to the roughness of The inclination of the axis of rotation 

20 the terrain. With a favourable terrain, of the turbine downward and forward with K 

* an elevated standard, for example one 200 the direction of the wind, in combination 

. • . feet in height, .wiH secure for a wind tur- with independent coning of the blades • 
bine mounted thereon an air flow markedly *, thereof serves to oppose the higher wind * 

• ^ freer from- frictional gusts than is experi- pressure in the upper portion of the disc 
J36 ^nced at say 50 feet above the same terrain, area with a gravity component of the dead 9? 

The second type of turbulence is com- weight of Uxe blade and to provide a 

. . posed of convective gusts resulting from meanplane of rotation whose angle is more 

convective disturbance under a cloud and, nearly normal to the vertically inclined . • 

the period and diameter appear to be' wind direction, thus enhancing this 

30 related to the cloud density, height, efficiency of operation. . • ^5 

-^ dimensions and velocity, while the ampli- A stull further object of the invention 

tude is related to the mean wind velocity is the prevention of disruptive racing of 

and to the- ^temperature gradient. ' In the wind turbine in event of failure of the " 

general, gusts of this type have a higher load or of the controlling system during 

36 amplitudef actor than those _of the a wind of high pressure through provision 10 

. - ^ • frictional type. _ ^ ' of a construction inherently limiting the 

. Since the energy of the wind varies as speed of rotation of the turbine. . 

the' cube of its* velocity, it will be under- Another object of the invention is the 

stood that the average power developed by provision of means for "spilling** the 

40 a variable wind, even above the zone of excess power of wind of high velocity 10 

abundant frictional gusts, is derived when the maximum power input of the 

largely from intermittent gusts. Unless generator has been reached. . 

the power of these gusts can be substanti- • A still fui'ther object of the invention * * 

ally, utilized, a very considerable part of is the establishment of optimum ratios for 

45 the available .energy is lost. It may be the construction of a turbine of this 11 

- that momentary ener^ in a gust exceeds diaracter having a proper unit inertia for 

the mechanical capacity of the genera.tor. inherent protection through the inclusion ^ 

, A further pbject of tlie invention is the in the turbine of an adequate fly-wheel ' 

provision of a wind turbine whose unit effect. , " ' 

60 inertia is such that there is inherent pro- Other objects of the invention are the H 

tection against^ line disturbances arising provision of- controls whereby the above 

from the fluctuating energy gusts ^ objects may be accomplished, and. the 

A furthef problem is that of the velocity installation otherwise rendered efficient 

i€ gradient. Above a site, up to a height of and guarded against inj'ury or improper 

^ 55 several hundred feet, the wind velocity operation-. 12 '' 

' tends to increase as a function of tiie height These and other objects we attain by the 

above the ground. The result is that the construction shown in the accompanying 

unit ^energy available in the upper por- drawings, wherein: 

tion of the disc area tends to be greater Figure I is a side elevation of a wind 

60 than the unit energy in the lower portion, turbine constructed in accordance with 12 

with the result that, in the case of a tur- the invention; 

bine having independently conable blades Figure 2 is a side elevation of the 

. and- an axis, of rotation which is hori- forward portion of -the platform 

zontal, the coning angle in the upper por* mechanism; 

65 tion of the disc area would tend to be Figure 3 is a side elevation of the rear 12 
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portion of tlxe platform meciianiam f . 

FigruTQ 4 is a plan view partially broken 
away of the . forward portion of tiie plat- 
form mechanism; 
6 Figure 5 is a plan view of the rear por- 
tion of the platform. mechanism; • • . • 
Figure 6 is an enlarged . fragmentary 
side elevation of the tail-piece illustrating 
the blade attachment thereto; ... • . 
10 Figure 7 is a vertical sectional view 
through the tail-piece; : ■ ; 

Figure 8 is a fragmentary section on 
line 8 — 8 of Figure 7; 
Figure 9 is a siection on line 9 — 9 of 
15 Figure 7; 

Figure 10 is an enlarged sectional view 
on line 10—10 of Figure 7; 

Figure 11 is a section on line 11 — ^11 of 
Figure 10; • . . - • 

20 » Figure 12 is a section on line 12—12 of 
Figure 10;* • 

Figure 13 is a section on line 13 — 13 of 
Figure 10; . • . ' 
"' Figure 14 is a detail sectional view 
25 through the forward' end of the turbine 
shaft taken on line 14 — ^14 of Figure lo ; 

Figure 15 is a rear elevation of the tur- 
bine shaft; *' " • ' ' 
' Figure 16 is a - vertical sectional view 
30 taken on line 16—16 of Figured and show- 
ing the distribution connections between 
the governor and the pitching motor ; 
? Figure 17 is a plan view of the governor 
and the associated connections with the 
35 tiirbine shafi; , »' 

' Figure 18 is a section on line 18 — 18 of 
Figure 16;. * ' • : ' 

' Figure 19 is a section on line 19 — 19 of 
. Figure 16; ' - ^ 
40 * Figure 20 is a front elevation of the 
governor mechanism J 

Figure 21 is a section on line 21 — ^21 of 
Figure 4; • ' 

Figure 22 is a section on line 22 — 22 of 
Figure 4 j • • •* * 

Figure'23 is a" section on line 23 — ^23 of 
Figure 21; _ ' . 

Figure 24 is . a vertical sectional view 
through the connection of the rear end of 
50 tlie turbine shaft to the speed-up gearing; 
Figures 25 and 26 comprise a composite 
diagrammatic view^'of the pitch contix)! 
mechanism; > ; 

Figure 27 is a vertical sectional view 
55r through the rear portion of the platform 
mechanism lowing the rotational suj)- 
port for the platform and associated 
mechanism; 

Figure 28 is a side elevation showing 
60 the central standard for the yaw control 
mechanism^. ^ 

Fifcure 29 is an enlarged view partially 
in vertical section of the yaw control 
standard ; 

65 Figure 30 is a section on line 30—30 of 



Figure 29; 

Figure 31 is a rear elevation of the vane- 
controlled yaw mechanism as viewed from 
line 31—31 of Figure 29; . 

Figure 32 is a section on line 32 — 32 of 70 
Figure 30; 

Figure 33 is a diagrammatic section 
through -the yane control pilot valve; 

Figure 34 is a diagrammatic showiug of 
the automatic and manjial controls for 75' 
yawing; 

Figure 35 is a typical sectional view * 
through a yaw control valve; * 

Figure 36 is. a diagrammatic section 
through the relay valve^f the yaw control Sil 
mechanism; 

Figure 37 is a diafframmatdc illustration 
of the control mechanism for the clutch 
of the shaft-rotating mechanism; 

Figure 38 is a vertical sectional view 85 
through the clutch of the shaft-rotating 
mechanism;.. . * * 

Figure 39 is a section on line 39 — 39 of 
Figure 38; ^ ' ' ?* 

-Figure 40 is a diagrammatic illustration 00 
of the brake- mechanism associated with 
the shaft-rotating mechanism; 

Figure 41 is a section'on line 41— -H of 
Figure 4; 

Figure 42 is a section on line 42 — 42 of ®^ 
jFignre 41; 

Figure 43 is a section on line 43 — 43 of 
Figure 41; 

Figure 44 IS a vertical sectional view 
~ through one of the coning cylinders; 100 

Figure 45 is a plan of t£e coning mech- • 
anism as viewed from line 45—45 of 
Fiffure 44; 

. Figure 46 is a section on line 46 — 16 of 
Figure 45; 105 

Figure 47 is a perspective view of one 
of the spring seats of tne coning cylinder ; 

Figui es 48 and 49 comprise a composite 
•wiring diagram of the electrical control 
system of the unit; 110 

Figure 50 is a diagi'ammatic view illus- 
trating the operating cycles of the position- 
indicating switches; 

Figure 51 is a similar diagitini illus- 
trating the operative cycle of the blade 115 
position limiting switches; and 

Figure 52 is a diagram illustrating the 
operative cycle of the synchi'onizing 
switches. 

Referring now to the drawings, and 120 
more particularly to Figures 1 to 5 and 
27 thereof, the numeral 10 generally 
designates a tower of suitable construe- 
tions upon the upper end of which, 
throutfh a pintle shaft 11 mounted in suit- 125 * 
able bearings 12—12, a platform 13 is 
niouuted for rotation, the upper end of the 
tower being at present shown as bearing * 



a^stationai*y gear 16 engaged by a pinion 
17 which may be rotated either automatic- 



130 
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ally or under mauual control, as herein- important feature of tlie invention. ^ 

after more fully described,' to yaw . the Obviously, this arrangement will serve, in 

platform 13- - . a large measure, to reduce the load placed 

Mounted upon the rear end of the plat- upon vthe turbine shaft (a considerable 

6 form 13 is a turbine sHaft 18 to the rear factor in large units of the character under 70 

end of which, through a casting 19, a tail discussion) and to oppose end tlirust in 

housing 20 is affixed. The shaft 18 is operation. It, furthermore, enables the 

axially inclined, having its forward or up- shaft to be mounted with the blades j)ver- 

wind end depressed, for a purpose hung from the rear bearing but a" short 

■ 10 presently to appear, and, preferably, for distance, while at* the same time insuring 70 

the pur|)ose of convenience in fabrication, clearance by the blade tips of the body of 

the platform 13 is similarly inclined, the tower 10. It, aclditionally 'insures 

The tail casting 19, thrpugh a pair of A- stability of the blades when at rest.> Other 

/ frames 21 pivoted thereto supports turbine advantages of the inclination of the axis 

15 blades 22 for oscil]ation in a plane includ- will appear hereinafter. 8*>' 

ing the axis of shaft 18. The supporting Bi.AD£-POsxnoir Coittrolling 

shaft 23 of ^ch blade is rotatably mounted Mechanism. 

in the head of the A-frame, and is con- The positioning mechanism comprises 

' . nected through a torque tube 24 and the servo-motor 29, hereinbefore referred 

20 universal joint 25 with a stub shaft 26 to, .and the governor 36 (Figures 16 to 26) 85' 

rotatably * mounted in the tail-piece and which is a hydraulic compensated governor 

bearing an arm 27. Within the tail equipped with a speeder spring 41, the 

housing 20 a servo-motor 29 is arranged, tension of which may be regulated through 

this motor having its piston 28 connected aniotor 65a and whose con&ol of the serve 

25 ^th the arms 27 and constituting a means motor 29 is regulated as to limits through 90 . 

whereby the angular positions of the a pitch Umit motor 65a. The servo-motor 

blades about their own axes may be 29 has a rod 42 for its piston which is 

controlled. hollow and extends forwardly through a 

JBlades 22 may, through A-frames 21 bbre 43 in turbine shaft 18. The rod 42 ^ 

30 and universal joints 25, cone with relation is surrounded by a tube 44, the forward ^5 

to the axis of the turbine shaft 18, the. - end of this tube oeing sealed to the rod as 

coning of each blade being independent at 45 by connections permitting lon^i- 

of the coning of the other and being con- tudinal -movement of the rod 42 whife 

* ti'oUed by a coning cylinder ^0 hereinafter effecting a fluid seal thereto. Rod 42 at 

"35 to be more particularly described. Tur- a point always disposed forwardly of the JQO 

bine shaft 18, at its forward end, is con- seals 45 without regard to the iwsition of 

nected through step-up gearing 31 and a piston 28, is prforated at 46. The 

coupling 32 with a generator 34 of any turbine «haft is provided with two series , 

suitable construction^ The stei>-up gear- of radial openings 47 and 48, the first series , 

40 ing 31, through suitable connections 35 aligning with the space between tube 44 X05 

operates a hydraulic ofovemor 36 and, like- and rod 42, and the second series com- 

^vise,. provides a tiike-off drive' 37 for a municating witii the bore 43 of turbine 

pump 38 providing fluid pressure which, shaft 18 forwardly of the seals 45, and 

controlled by the governor, as hereinafter thus communicatmg with the interior of 

45 more fully described, controls operation of rod 42 through openings 46. Rod 42 is, hq 

the servo-motor '29. Fluid pressure may at its forward end, sealed to the turbine 

alternately or in emergencies, be provided shaft as at 49. 

by an electric motor-driven pump 39, or The governor 36 comprises a relay valve 
by hand pujnp 40. Pumps 38, 39 and 40 50 controlling communication between a 
60 draw from a conmion sump 67, and the pressure fluid inlet 51 and connections 52 
pumps 38, 39 discharge into a pressure and 63 communicating, respectively, with 
tank p. Pressure tank p discharges to the the port series 47 and 48 of the turbine 
pressure fluid iiilet of the hydraulic shaft, and it will be obvious that by shift- 
govemor, hereinafter to be described, ing of this relay valve, fluid under pressui*e 
55 through a Hue ;?\ 'IIand pump 40 (Figures may be delivered either to the interior of i2Q 
18, 34 and 37) may be selectively con- rod 42 or to the space between this rod and 
nected by valves vS and with the tube 44 to thereby cause shifting of the 
^ servo - motor of positioning mechanism ]nstou 28 in a selected dilution. 
- about to be described, the operating motor Secured to rod 42 is a ci:oss-head 54 
• 60 of a yawing mechanism, or the clutoli- which, as more clearly shown in Figures ^£5 
actuating mechanism of a means for 10 and 12, operates upon --guides 55 
. rotatably positioning turbine shaft 18. between adjustable stops 56. This cross- 
It may be here noted that the incliua- head is linked, as at 57, to the arms 27 of 
tiou of tile axis^of the turbine shaft down- stub shafts 26 so that the position o'f piston 
. 65 wardly into the wind constitutes an 28 determines the angle of the blade chord 130 



GB0C0555439. rhttp://vww. getthepatent.com/Lo gin.dog/$pa^^ - ^--^^ 



6 



to tlie plane of rotation. The movement 
of the piston is sufficient to shift the blades 
22 through a selected angle, in the present 

- illustration approximately 85*, lying 
5 between an angle of approximately 5" to 
the plane of rotation and an angle of 90'' 
thereto, the latter angle being hereinafter 
referred to as the " feathered position 
or that position in which the chord of the 

10 blade is coincident with the wind direc- 
tion. 

The condition ipay arise, when the tur- 
bine is operating under a wind velocity 
greater than approximately 30 miles per 

15 hour and the Iblades, accordin^y, 
arranged at a relatively high pitching 
angle, wherein there is a sudden drop in 
wind velocity requiring an immediate 
movement of the blades to the flat or 

20 position. The governor response will be 
fairly rapid, and in order that the com- 
pletion of the blade movement may not be 
too abrupt, the rear end qf motor cylinder 
29, or that end which piston-28 approaches 

25 when moving the blades toward the flat 
position, is equipped with a cushioning 
mechanism including a valve 58 which is 
normally slightly unseated, the extent oJ 
the port provided by this unseating being 

vO regulataole as at59. The seat of the valve 
has a tubular extension 60, and the end of 
rod 42 projects through the piston 28, aa 
indicated at 61/ This end h^ a slightly 
tapered portion 63 adapted to enter into 

^ tubular extension 60 and to approximatei^f 
fit Uierein. * When this extension has' 
entered the tubular portion of the seat, 
fluid'trapped by the piston and the rear 
end of the cylinder must pass through 

40 ports 64 and through the space between 
the check valve and its seat before it may 
enter the bore 66 of rod 42 and thus return 
through the governor to the sump 67 of 
the hydraulic system. Tube 44 (Figure 

45 14) has it^ rear end packed to the rod 42, 
as at 68, and its interior qonnected to the 
forward end of servo-motor cylinder 29 
through ports 69 in packing head 70 and 
conduits 71 connecting these ports with 

60 the cvlinder. 

Eo4 42 (Figures 19, 22 and 24) has its 

' front end packed to the shaft 18 as at 49 
and is universally connected through shaft 
72 with a swivel joint 73 at tlie forward 

55 end of a rack 74, shaft 72 and rack 74 
being adapted for operation in the hollow 
interiors of aligned shafts 75 and 76 form- 
in*? a portion of the step-up gearing 31 
and of which shaft 76 is connected to the 

60 generator through the hydraulic coupling 
32 hereinbefore mentioned. Rack 74 is 
spliued in a support 77 carried by a bear- 
injj 78 of shaft 75, as at 79. The support 
77, likewise, provides bearings 80 for a 

65 pinion shaft 81, tKe pinion of which 



en^ges rack 74. The pinion shaft 81 is 
universally connected through a shaft 82 
with a stub shaft 83 (Figure 21), bearing 
a pinion 84 and a bevel gear 85. Bevel ^ 
gear 85 meshes with a gear 86 driving the <U 
cam-operating shaft 87 of a series of limit 
switches 33 (Figure 23) including switches 
33_1, 33—2, 33-^, 33-4, and '33^. 
Pinion 84 serves to oscillate a -segment 88 
the pivot shaft 89. of which has^ui arm 90 76 
secured thereto. This arm is connected 
by a link 91 to a crank 92 upon* a shaft 
93. Shaft 93 bears a second arm 94 which 
is, in turn, linked as. at 95 to a cyank arm 
96 upon a governor compensating shaft*97 80 
(see Figures 25 and 26). The governor 
compensating shaft has an eccentric 98 
embraced by one end of a control arm 99, 
the other end^of which is supported at 
variable levels . through a cam 100 85 
selectively positioned by a motor 65<i, 

Motor 65a simultaneously with opera- 
tion of cam 100 actuates a series of blade- 
position-Hmiting ^witches 33a including 
switches 33ar— 1, 33a— 2, .33a^ and 90 
33a--4, the purpose of which will herein- 
after appear. Shaft 97 is, in addition, 
linked at 101 to the stem 102 of a dash- 
pot piston 102a operating in a chamber 
103 centrally divided by a partition 104. 95 
The space at opposite sides of the partition 
has an adjustable leakage port 105 regulate 
able through needle 106 and provides a 
cylinder opposite ends of which are in free 
communication with t&e chamber at 100 
opposite sides of the partition and in 
which operates a piston 107. Piston 107 
is normally maintained in a selected posi- 
tion through an extension-compression 
spring 108, and the upper end of its stem 105 
is connected to one end of a lever 109, the 
opposite end of which is pivoted to the 
governor rod 110 which is directly con- 
trolled by the fly-baUs 111 of the 
governor. 1 10 

In the diagrammatic illustration 
(Figures 25 and 26) the fly-balls are illns-« 
trated in -what is their normal position 
under selected operating conditions, and 
any movement of the balls in the direction 115 
of the associated arrow will tend to depress 
rod 110. This tendency of the balls to 
moye in this direction is resisted by the 
speeder spring 41 the tension of which is 
regulated through motor 65s as herein- 120 
before noted. As at present illustrated, ^ 
the speeder spring seats upon a spiral gear 
112 which is iu the form of a nut threaded 
upon a. suitable support 113 as at 114. 
Rotation of motor G5.< in one or the other 126 
direction will cause a tensioning or relax- 
ing of spring 41, tluis controlling the 
spring pressure exerted to shift rod 110 
imder influence of the rentrifu£?al force 
of the fly-balls. The position of the gear 130 
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, 112 as determiaed by motor 65s is limited 
by a switcb series 33s,- including^ switcbes 
33s— 1,. 33s— 2, 33s— 3 and 33s— 4. 
Tbe relay valve casing 115 mounts a . 

fi pilot valve 116 controlling the actuation 
of relay valve 50. Tbe stem of tbis pilot 
valve is linked, as at 117, to a bell crank 
lis connected' to tbe. stem 119 of relay 
valve 50 by a link 120, tbe. connections ' 

10- being snob tbat tbe link bas its bell-crank 
connected*end raised or lowered in accord- 
ance witb tbe position of relay valve 50. 

• A rod 121 connects levers 109 and 117, tbe 
connections between tbe rods and levers 

16 occurring between. tbe ends of tbe levers. 
' Tertically slidably mounted upon fly-ball- 
actuated rod 110 is a sleeve element 122, 
tbe lower end of wbicb slidably embraces 

• rod 121. as at 123.- Rod 121 is provided 
20 witb a .vertically adjustable stop nut 

member 124 against wbicb tbe lower end 
of -tbe sleeve ^tension engages when rod 
~'121 bas beien elevated to a predetermined . 
extent, as will occur wben 'tiie fly-balls 

*w drop toward tbe abaft jof ilie governor bead 
from tbe position illustrated. Sleeve-122 
. is. engaged by one end of a lever 125 tbe 
opposite end of wbicb lengages a lug 126 
on control arm 99. It will be obvious tbat 

S<) tbe positipn of cam .100 will, tberefore 

• * determine tbe limit to wbicb rod 121 niay 

elevate, 'and, accordingly, will determine 
' tbe flattest position wbicb may be attained 
by blades 22 xmder governor-controlled 

35 operation of tbe servo-motor 29. Tbe 
motor 65a, .therefore, serves as a~ pitch 
limit motor determining tbe flattest pitch - 
' attainable by tbe blade, i.e., the smallest 
chord angle to tbe plane of rotation of 

40 blades 22. It will filso be obvious thai 
tbe motor 60s serves as a means for regu- 
lating tbe maximum speed of rotation 
which *may be attained by the driving 
- element, turbine shaft 18, since it will 

^' determine the position of blades 22 
through sei:vo-motor 29 and thus deter- 
mine the speed of rotation of the turbine 
'shaft at any given wind velocity. Motor 
05s may, accordingly, act as a means for 
regulating the speed of turbine shaft 18 
when syncnronising generator 34 and when 
the latter is under load. • 
• The mechanism including i^ack 74, and 
the train of mechanism connecting this 

55 rack with compensating shaft 97 of the 
governor, serves to restore this relay valve 

' to a neutral position ,when the governor . 
demands have been met. When the 
blades 22 shift in response to a governor 

60 demand, movement of rod 42 will cause 
a corresponding movement of shaft 97 of 
the govei:nor. This shaft, by actuating 
the dash-pot plunger 102^, causes a corre- 
sponding actuation of piston 107. This 

G5 piston, in turn, actuates lever 109, and. 



through tiiis lever, rod 121,1ever 117,*and 
pilot valve 116. The actuation of the pilot 
valve will be, as is usual in devices of this 
character, of an order such as to supply 
fluid at the opposite end of relay valve 50 70 
from that at TWiicb it bad been originally 
supplied, thus shifting tbe relay valve to 
the neutral position, following which the • • 
link 120, operating through ball crank 
118 and lever 117, will act to. return and 75 • 
maintain the pilot valve 116 in its neutral 
position. It follows then, that for-any dis-- 
placement of the governor fl^-balls out of 
the plane of their normal orbit of i:otation 
in response to a cha&ge in speed of tbe 60 - 
turbine shaft 18, there is a corresponding 
change in tbe angular position of the 
blades 22 with respect to the wind, except- 
ing, of course, such times as when tbe 
pitdi* limit mechanism is effective. ' . 85 

However, it wiU be apparent tbat the 
speed of the turbine shaft 18 does not ; 
respond^ to the change in tbe setting of tbe , v'*; 
blades '22 as quickly as the servo-motor 29 
r^pon^ to the setting, of tbe relay valve 90 . 
50. Consequently, tbe fly-balla 111 will : 
still be out of their normal orint of rota- . .... V ' 
tion when tbe pilot valve 116 is returned 
to its neutral -position, ~ as noted 'above. 
With tbe sijeedet rod 110 still in its 96 
depressed position, and the piston 107 still 
in its elevated position, the return of the 
piston 107 to its normal position by the 
centralising spring 108, is timed by means t * 
of the compensating dash-pot needle valve 100 
106. Obviously, if this timing is adjusted 
to correspond to the time required for the 
fly-balls to return to their normal orbit 
of rotation in response to the speed change 
of the turbine shaft, then the lever 109.105 
will fulcrum on rod 121 and the return 
movement of the piston 107 will compen- 
sate for the return movement of the /. 
si>eeder rod 110, thus maintaining the 
valve 116 in its neutral position subject to 110 
the further demands of the governor as • 
limited by the speeder spring setting. 
" The mechanism connecting rack 74 and • '►^^ 
shaft 97, as hereinbefore noted, includes 
a means for actuating the switch series 33. 116 
It may be here noted, as will hereinafter . / . 
be more fully described, that under ' 
emergency conditions wherein the Blade is 
moved to the feathered position, the series 
33 includes a swatch 33—4 (Figure 49) by 120 . 
means of which a solenoid A controlling 
the supply of fluid pressure to the 
governor-controlled relay valve is cut off, 
this switch only becoming effective when 
the blades 22' have reached the full- 125 
feathered position.* The series further 
includes a* second swilch 33 — 5 (Figure'37; 
which operates when the blades have 
reached full-feathered position to activate 
a circuit contidlling tbe braking means 130 
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hereinafter to be described. 

Assuming that there is no wind and 
that the unit Ls stopped, the blades 22 will 
then be disposed at the rest position which 

. .6 may'arbitrarily be assumed to be a position 
of about 30** to the ^lane of rotation, the 
governor speed adjustment ^ controlled 
through speeder spring 41 being then at 
the uormai low limit, having been stopped 

* 10 at that position liy the limit switch 33* — ^1, 
as hereinafter more particularly noted. 
"With an increase in wind velocity, the 
propeller, by its increasing speed, reaches 
a pretedermined rotative velocity which 

16 may, for the purposes of this description, 
be set as approximately d'% of the rated 
velocity at which the turbine will produce 
sufficient energy to enable the generator 34 
to be placed on the line. . At this time low 

20 speed switch 14 initiates, through a suit- 
able delay mechanism, actuation of pitch 
limit motor 65a and establishes a pitch 
limit for' the blades at their maxinaum 
speed adjustment or efficiency angle iii a 

W wind velocity at or above a selected 
minimum. This angle may be arbitrarily 
assumed to be 5 • to the plane of rotation and 
as long as the rotative velocity of the pro- 
peller remains below the rated speed, say 

M 30 R.P.M., the governor^ will activate 
servo-motor 29 to shift the' blades toward 
this position. • 

• When the speed of turbine shaft 18 
Teaches the speeder spring setting (the 

36 normal low limit previously mentioned), 
the governor fly-balls 111 assume control 
of Sie turbine, --following which the 
generator may be synchronised with the 

^ line which it is to feed providing, as will 
hereinafter more full^ appear, the pitch 
angle of the blades is not below a pre- 
determined setting as, for example, the 9* 
setting, thus insuring that there is 
sufficient wind velocity to warrant syn- 
phroniuation of the generator in event of a 
slight drop of such velocity. Obviously, 
loading of the generator will cause a 
decrease in speed of the unit, which must 
be compensated for by shifting the blades 
. ^0 thereof. If the velocity of the wind is 
sufficiently low that rated speeds may be 
developed" only between the 5" position of 
the blades and the selected on-liue 
position, the generator will operate idly 

55 until the wind velocity has increased to a 
point such that the governor in maintain- 
ing this rated velocity has, through servo- 
motor 29. shifted the blades to an diiglo 
greater than the selected on-line position. 

60 Assuming that all these conditions have 
been met, the generator Ls placed on the 
line, as hereinafter more fully described. 
At this time, the unit is runnincr at its 
rated speed but is uiuler no load, the load- 

65 iug of the generator being accomplished 



through changes in the governor speeder 
spring setting through motor 655; In the 
design under discussion, full loading of 
the turbine will be completed at a wind 
velocity of approximately 30 miles an -70 
hour, the unit at lower velocities deliver- 
ing whatever power may be imparted 
thei-eto by the wind. Increases in wind 
velocity will merely result in variation of 
the blades angles through governor control 76 
to .maintain the blade angle such tiiat 
uniform speed of the turbine will be pro- 
vided. Should the wind increase in 
velocity to a point such that it is im- 
possible to maintain turbine shaft 18 at 80 
its rated E.P.M., with a blade angle less 
than, a selected angle which may be 

. arbitrarily set as approximately 28'", the 
blade movement recorded through the 
switch series 33 will institute an *' un- 85 
loading " operation through which the 
generator will ultimately be removed from 
ihe line. - The unit will continue to operate 
under the control of the governor at syn- 
chronous speed until the wind velocity 90 
slackens to a point such that the blades 
again return close to their oi)erative angle, 
that is to say, an angle somewhat greater 
than the approximate angle of 28* herein- 
before mentioned. When the wind velocity 95 , 
has fallen to a point such that the 
generator output decreases to a predeter- 
mined low value, a suitable timing device, 
hereinafter to be described, will institute 
a shut-down cycle removing the generator 100 
•from the line, the turbine continuing to 
operate under governor control at or below 
its rated speed according to the wind - 
available, the blade angle at this time 
being between the 9* minimun;, syn- 105 
chronizing angle and the ilat-test blade 
angle. Should the wind velocity fall to 
such a point that the rotational s7)eed of 
turbine shaft 18 reaches a predetermined 
low, then low speed switch 14 will actuate 110 
pitch limit motor 65^7. and return the 
blades to the 30* rest position. 

Under certain emergency conditions, 
and without regard to wind velocity or 
the rotative speed of turbine shaft^ 18, 115 
operation of a protective device, herein- 
after more particularly noted, will trip 
the generator and cause the synchroniz- 
ing motor Qos to run the speed adjustment 
to an extreme lower limit controlled by 120 
limit .switch 33* — 2 and, correspondingly, 
to a Imlf-rated speed of the turbine in a 

'given ^ time. Simultaneously, through 
actuation of a time-delay i;elay hereinafter 
.noted, deenergizatiou of solenoid B will be 125 
instituted and the blades will move to full- • 
feathered position at a selected rate under 
control of a suitable timing device such 
ns that formally designated in the diagram 
forming Figure 26. ^Vhen the blades 130 
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have reached full-feathered position, limit 
switch 33—4 will energize solenoid A 
cutting off oil pressure to the governor. 
Tawing Mechanism. 
6. . Due to the constaiction adopted wherein 
the blades are disposed down- wind and to 
the ability of these blades to cone, the 
rotatable unit structure at the head of the 
tower is inherently stable and - will tend 

10 to yawn automatically without the assist- 
ance of a tail vane. This tendency to yaw 
automatically may be further increased 
*by providing both the platform and the 
tail housing with a suitably streamlined 

• 16 cowling c, liat at present illustrated being 
formed in stationary and rotating sections 
supported &om and enclosing the plat- 
form' and the tail housing respectively. 
However, in order to prevent possibility 

20 of the turbine being taken aback through 
« a' complete reversal of . wind direction 
following a calm, we include means for 
positively yawing the. turbine to insure 
maintenance of the blades in a position 

85 transverse to the general direction of 
movement of the wind: It is also necessary 
in a mechanism of this character that same 
means be provided whereby the apparatus 
can be positioned at wiU to dispose the 
80 blades or other portions of the mechanism 
In proper alignment with accessories^ such 
as anchoring devices (not shown) provided 
upon the tower for anchoring the lower- 
most of the turbine blades. • As hexem- 
-35 before noted, the platform 13 forming the 
supporting base for all of the mechaniffln. 
'hereinbefore described, is. rotatably 
mounted upon the upper end of the tower 
through* pintle shaft 11, and the platform 

40 may be rotated through operation of a 
pinion 17 engaging a stationary gear 16 
which is fixed to the tower. For the pur- 
pose of effecting automatic portioning of 
the unit (Figures 28 to 35), the forward 

45 end of the platform 13 mounts, through 
suitable bearings 128, a yawing vane 129, 
this yawing vane being, secured to the 
upper end of a shaft 130 the lower end of 
which projects into the housing 131 sup- 

50 ported from a suitable standard 132. The 
upper end of standard .132 has secured 
thereto a base 133 mounting a pilot valve 
134 and a damping mechanism. Secured 
to the lower end of the shaft 130 and 

55 rotating therewith is a plate 136 having 
formed therein a -cam slot 137. Eotatable 
upon a pivot 138 is a lever 139 one ann 
of which is equipped with a roller 140 
extending into the cam slot 137 and the, 

60- other arm of which is connected to the 
stem 141 of the movable valve element 142 
of pilot valve 134. Tlie pilot valve is con- 
nected with the pressure tank 2> through 
a supply-line 143 and this valve, as more 

65 clearly shoA\Ti in the diagi-aiu forming 



Figure 34, is of the thi-ee-way type 
selectively connecting the pressure source 
with operating lines 144 and 145, and pro- 
viding for the discharge from the discon- 
nected line 144 or 145 to a discharge 70 
line 146. . 

The d^amping mechanism comj)rises a 
reserve chamber 147 into which discharge 
line 146 discharges and from which a line 
148 leads to the- sump 67. This damping . 75 
mechanism further includes a cylinder 149 
having arranged therein a pair of spaced . . 
pistons 150 mounted on a common rod 151. 
Bod 151 is connected to plate 136 as at 
152 for actuation upon rotative movement :\80 
of this plate. It will be obvious that upon 
movement of rod 151 in either direction 
pressure will be epenerated in either end of 
cylinder 149 ana opposite .ends of -these 
cylinders are connected to one another TSS 
through an adjustable needle valve 153. 
In addition, pistons 150 are provided 
.with small leakage ports 154 and it will • i 
be noted that any interchange of pressure j 

. 'between tiie ends of the cylinders must =^90 
take place either through these leakage • , .. 
ports or the adjustable needle valve 153. 
The damping mechanism, thus, comprises 
an adjustable - dash - pot preventing ' 
" hunting of the yawing mechanism as .95 
a result of fluttering in vane 129. 

The yawing mechanism further includes 
a battery of 'contitd valves indicated at * , 
155, 155a, 156, 156a, the genral constmo- - 
tion of which is illustrated in Figure 35. 100 

' As shown in this figure, each valve com- 
prises a chamber 157 having ports 158, 
159, 160 and 161. The valve is of the 
solenoid-operated type, nornially spring- 
maintained in one position in which ports 105 
158 and 160 are maintained in communi- 
cation with one another and ^orts 159, 161 
are likewise in communication with one : 
another. Upon actuation of the solenoid s, 
pistons 162 close ports 158 and 159 and 110 
place ports 160, 161 in communication 
^rith one another. Under noi:mal auto- 
matic control, the position of the valves 
155, 155«, 156, 156a is as illustrated in 
Figure 35, and in this automatic opei-a- 115 
tion valves 155 and 155a form the sole 
control. These valves have their ports 
158, 159 reversely connected with the 
operating lines 144, 145 of pilot valve 
134, the other of the ports 158 or 159 120 
being connected with the discharge line 
146 of the pilot valve and, more particu- 
larly, with the line 148 leading irom the 
resei-ve chamber 147 to sump (ff l Ports 160 
are connected through lines 103 to oppo- 125 
site ends of the operating cylinder of the 
control valve 164 which may be as illus- 
trated in Figure 36. This valve is of the 
same type as pilot valve 134 but is fluid- 
pressure operated. Tlie inston body 104a of 130 
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the valve is normally centrally positioned 
and tlie porta thereof are so arranged that 
the inlet 165 is normally sealed from the 
outlets or supply lines 167. Introduction 

5 of fluid pressure to either end of the valve 
will, however, cause a shift of the valve 
body 164a connecting one of the lines 167 
with the inlet 165 and the other of the 
lines 167 with the outlet 166. The inlet 

10 of valve 164 is connectedj as at 165, with 
the pressxire tank p, the outlet, as at 166, 
to sump 67, and the supply lines, as at 
167, to the terminals of a rotary motor 168 
operating pinion 17 through reduction 

15 gearing generally designated at 169. It 
will be noted that through lever 139 any 
movement of vane 129 from its notmal 
central position will be translated to a 
longitudinal shifting movement of valve 

20 142. Fluid pressure will, thus, be intro- 
duced' through valve 155 or 155^i to one 
Vend of the operating cylinder of valve 
164, thereby shifting this valve and intro- 
ducing fluid pressure tc cause operation of 

25. the yaw motor 168 in one direction or the 
other with a corresponding movement of 
the platform 13. Movement of platform 
13 will, of course, correlate the position of 
the platform with the position- of vane 

30 129, thereby restoring plate 136 to its 
normal central position and discontinuing 
operation of motor 168. As hereinbefore 
noted, the damping mechanism serves to 
prevent " hunting " movements of the 

35 platf oi-m and this will hold true not only 
as regards resistance to fluttering move- 
ment of the vane 129, but likewise as to 

* any tendency of the mechanism to over- 
throw in the yawing movements. 

40 Yalves 156, 156a hereinbefore noted are 
employed when it is desired- to control 
yawing manually. During 
nianuid control through switch 1/0 the 
valves 155, 155fl are so disposed that their 

46 ports 160, 161 are in communication with 
one another. Valves 156, 156« each have 
port 158 thereof closed as by ping 171, 
while voit 159 is connected to discharge 

, line 148 leading to the sump. The ports 

• 50 160 of these valves are connected with the 

pressure tank p and ports 161 thereof are 
connected to the correspond in poiis of 
valves 155, 155^. The solenoids of valves 
156, 15r>a are under control of switches 

(6 172,' 172rt and it will be obvious that upon 
actuation of either of these valves pres- 
sure will be transmitted from "one to the 
other of the ports 161, 160 thereof ami 
thus transferred to the associated valve 155 

60 or 155a and thus to the operating rylmder 
of motor-controlled valve 164. In the 
meantime, the other of the valves acts 
'with the associated valve 155, 155^ to 
maintain a discharge connection from the 

65 opposite end of the operating cylinder of 



valve 164 to sump 67. As will be noted 
from the diagram forming Figure 34, 
hand pressure pump 40 is connected to the 
supply lines of valves 156, 156a forming ' 
a reserve supply means in event of failure 70, 
to the normal pressure linfis. 
Ttobine Shaft PosmoNiNti-MBCHANiSM. 

Obviously, in servicing a jnech^sni- of 
this character, it is often desirable thdt . 
the turbine shaft be selectively position- 76 
able in order that Ihe blades, or some 
other portion of the mechanism associated 
therewith, may be rend^ed readily acces- 
sible, such adjustment being ordinarily 
emploved in conjunction with the manual eU 
regulation of the position of the platform 
through the yawing mechanism just de- 
scribed. To this end, we mount (Fignres 
3g— 43) preferably upon the output shaft 
173 of the fltep-up gearing 31, one mem- oo 
ber 174 of a dutch, ihe.second member of 
which is rotatable about the ^haft as at 
175. This second member may be con- 
nected to or disconnected from the member 
1*74 by suitable mechanism indicated ^at »U 
176/ and actuated from a hydraulic 
cylinder 177 the. supply to which may 
comprise the hydraulic system including 
pressure tank p and may be controUed^by 
a valve 178 similar in construction to the wo 
valves 155 hereinbefore referred to. The 
operating mechanism connecting, the 
hydraulic cylinder 177 with the clutching 
mechanism 176 comprises a linkage 1*^ 
one element 180 of which includes an lUO 
operating cam 181 actuating switch l^i 
through which the starting cycle is 
rendered ineffective at any time when the 
clutch mechanism 176 is operative, i he 
- nonnally idle member of the clutch 175 is 105 
peripherally formed as a gear 183 enffaged 
by a pinion 184 upon the output shaft 185 . 
of recluction gearing generally desiMiated 
at 186. This reduction gearing is driven 
from the shaft 187 of a motor 188, or HO 
optionally through further reduction gear- 
ing indicated at 189 by means of hand 
cranks 190. A clutch mechanism operated 
through* handle 191 serves to connect and 
discoimect the hand crank mechanism 115 
190 from the reduction gearing 186, this. . 
hand crank operating the shaft 192 and, 
through tins shaft and shifting fork 193, 
an intermediate gear 194 of .reduction 
r^earing 189. Lever 191 additionally 120 
actuates a switch 33r, this switch being 
open when the intermediate gear 194 is 
positioned to connect the hand cranks with 
the reduction gearing 18G and being 
closed when the hand ci-ank mechanism is 12j> 
dij;connected. In its latter position the 
switch 33r, subject to a manual switch 
33b, controls the circuit of motor 188 and, 
as more clearly shown in the diagrammatic 
view of Figure 40, likewise controls a 130 
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. brake mechanism generally desi^ated at 
'*195. . A6 .'at present fliaclosed, tlds bralce 
comprises' a pair of shoes 196 normally 
''*fricnonally engagfed- with a brake dx\mi 
. 6 197* on. shift. 187 through a spring 198. A 
' '* solenoid 199 has its armature 200 linked 
.to. the shofes * 196 m such, .manner that 
V.when Jhe solenoid is .'energized the brake 
: %}So€b are: disengaged .fi-om the drum. This 

10 solenoid., is. dispOsed"in the motor circuit 
.f so that when the motor 188 is energized, 

. *r *as through: operation of switch 336, 
■ solenpid 199 is .activated ' rendering the 
! brake 'mechanism 195. inoperative. This 

16 mechanism may^ obviously, be consider- 
ably varied and in its preferred form may 
' comprise one of the usual braking mech- - 
' .anism- associated with, and built into as 
' an integral part of i the motor 188. » 

SO In use of the mechanism just described, 

* the switch 201 controlling the operation 
^- . ot solenoid' valve 17.8 is first employed to 

-.engage, tlie clutch.' ^Ipients .174, 175, 
' operation of the actuating cylinder 1^7 
^5 closing switch 182 in order that a starting 
. cycle of tie system may not be initiated 
! i^Me the clutch elements ate engaged. 
Assuming that power is available for the 
operation of motor 188, this motor may 
dQ then be utilized to rotate the turbine shaft 
**• . and place the blades at. a desired position 
'for repair or inspection. If current is not 
.^available, lever 191^opfirated to render 
• ' the hand crank mechanism available and 
-'::-35 positioning of the shaft may be effected 
thereiirough. • tfnder such circumstances 
it is necessary that the brake mechanism 
195- be rendered inoperative and solenoid 
199 is illustrated as having its armature 
40 200 provided with a cam mechanism 202 
' through which this may be effected. . 
^ . • CoNiifG Mechajhsm. 

• • . As a means for controlling the speed of 

opei-ation of the turbine and for protect- 
. :46 ing the blades of the same and the associ- 
ated mechanism against damage during 
•gusty pei'iods, means axe provided 
..(Figures 44 to 47) wheteby these blades 
may independently and automatically 
■ '.50 assume a coning position; that is to say, 
a position where they are at an angle 
' other than 90* to the^ turbine shaft 18, As 
'* hereinbefore set forth, each blade, and 
more particularly that portion of the 
. 65 blade which is rotatable about its longi- 
tudinal axis, is connected to tail housing 
•20 and the casting 19 to which this tail 
: housing is . affixed through a pivoted A- 
. fitime 21. To the rear end of the tail 
60 housing 20, we pivot a pair of levers 203, 
the.*ie levers being aligned with the asso- 
ciated blade.i 22 and being connected to 
the outer ends of the respective A-frames 
of the blades 22 by links 204. Each levev 
P5 803 is connected intermediate its ends to 



the rod 205 of a piston 206 operating in 
the coning cylindei's 30 hereinbefore 
noted. Coning cylinders 30 are pivotally 
mounted, as at 208, in brackets 209 carried 
by the tail housing 20 and operate in- 
dependently of one another^ 

Each coning cylinder has arranged in 
opposite ends thereof cushioning elements 
at present shown as comprising - springs 
210 engaged by abutment elements 2ll : 
which, a^aceut the limib of movement of 
the piston 20G in t either direction, are 
engaged by the piston and compress the 
springs. * The abutment elements are 
mounted upon guides 212 which, in addi- 
tion to guiding these abutments, serve as 
positive stops limiting the movement of 
the piston. For .the purposes of descrip- 
tion, it will be presumed that positive 
coning, that is to say, down-wmd coning 
will be limited at a twenty-degree angle to 
the axis of Ihe turbine shaft 18, and up- 
wind or negative coning will Ije limited, 
for example, at 3 degrees. The springs 
resisting filial movement of the blades to-, 
wards the negative coning angle are of 
greater resistance than those resisting the 
final movement towards positive coning, 
as these springs must resist the weight 
of the blades in the absence of wind and 
during those periods when the blades are 
in their fiUl-feathere<l or approximately 
full-feathered position. Zero coning pre- 
ferably occurs when the blades are in the 
position C**, Figmre 1, and the piston in 
the position illustrated in Figure 12. At 
this time, it will be noted that the piston 
is so positioned that its further movement 
to\\-ard a negative coning position, i.e., 
toward the left in Figure 1 from iwsition 
C", will meet with the resistance.* not 
only of fluid within the cylinder but,, like- 
wise, with the resistnuce of springs 210 at 
the left-hand end of the cylinder. " • * 

.Each cylinder has an independent fluid 
pressujre system comprising conduits 213, 
214 connecting the cylinder ends in 
parallel. The conduit 214 has arranged 
therein a pair of ^ metering valves 215 
arranged at opposite sides of a connection 
216 between the conduits 213, 214. 3Ieter- 
ing valves 215 are by-passed by safety 
valves 217 which will permit by-pass of 
fluid around valves 215 in event the 
piston 206 tends to move so rapidly that 
the metering valves will not pass the fluid 
at a sufficient rate and the pressure gene- 
rated in the cylinder become dangerously 
high. At opposite sides of the connection 
21G between conduits 213, 214 oppositely 
opening check valves 218 aie (lisposecl, 
these valves opening at a predetermined 
pressure as, for example, 1,000 i>ouuds. A 
surge cylinder 210 is conuected in the 
svstem including conduits 213, 214 and 
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. their couuection 21G at any point inter- 
mediate the pairs of valves . employed 
therein, being ut inesent shown as con- 
nected to the conduit 313 between the 
5 check valves 218. 

. In operation, assuming the pressiire 
teuding to cause a positive coning action 
is steady and exceeds the relative pressure 
of check valves 218, the fluid from the 
10 right-hand end. of the cylinder will tend 
, to pass the associated metering valve 215, 
and assuming that the tendency to imove- 
uient of the blade is not excessive, will 
pass entirely through this metering valve 
16 and thence thi'ough the connection 216 to 
the conduit 213. Since the check valve 
218 has its nomal opening pressure re- 
inforced by the pressure injected in the 
right-hand end of the cylinder, this pres- 
t 20 sui*e, assuming it is in excess of 1,000 
pounds, will open the left-hand check 
•valve 218 and thus pass to the left-hand 
end of the cylinder. If Jhere is a sudden 
movement by either of the blades creat- 
25 Ing excess pressure in one end of the 
' cylinder, the associated safety valve 217 
\vill o\yen by-passing to valve 215 ' and 
deliverinjr pressure to the conduit 213, 
and, incidentally, to the surge cylinder 
30 219. Surge cylinder 219 has arranged 
therein a spring-pressed piston 220 which 
will yield to permit the necessary blade 
movement but will act finally to re- 
deliver the fluid thus displaced from the 
35 normal system to the conduit 213 and thus 
to the opposite end of the cylinder. Surge 
cylinder 219 serves not only as a means 
foT compensating for excess . demands 
placed upon the system but, likewise, 
40 serves as a means for maint^iining the 
main cylinder and the associated'hydraulic 
■ system full.. 

It will be obvious • that when either 
blade ia subjected to a siuldeu gust, it may 
45 move to a coning position independently 
of the other blades, this aiTangement 
being, as hereinbefore pointed out, not 
only desirable but essential in a unit of 
the size of that proposed in the present 
60 api)lication, since the blades will be snb- 
. jected to gusts of substantially varying 
intensities; for example, a blade extending 
vertically upwardly h'om the turbine shaft 
would be subjected only to iippei: strata 
55 wind which, as hereinbefore pointed out, 
is fairly steady subject to only mildly 
variable gusts whereas the oi)j)osed blade 
an-angcd adjacent to the ground would be 
subjected to ground gusts which ..vary 
00 considerably in their intensity. This. in- 
dependent coning will, therefore., serve to, 
in a large measure, eliminate jerky opera- 
tion aa a result of gusts. Furthermore, the 
nbility of these blades to cone affords an 
65 iuhcrent protection for the unit under 



winds of "rale velocities. 
' It may oe here pointed out that coning 
of the blades not only will assist in con- 
trol of speed of the turbine, as effected 
by the pitching mechamsm, and relief of 70 
sfrains under sudden gusts affecting one 
or the other or both blades, but it will, 
likewise, in combination with the in- 

*. clination of the axis^ serve to .maintain 
the blades at such angles to the vertical 75 
as they will be best presented to the velo- • 
city padients at different points in their 
rotation, thereby partially compen^diting 
for the velocity gradient acros.s the 
diameter of the area swept by the turbine 80 
blades. Since, in- many instances, it is 
possible to permit unrestrained coning of 
the blades, means are provided such, for 
example, as bleed valves 215o- whei^eby 
the fluid may be drained from the oppo- 85 
site ends* of the coning cylinder. 
Position Responsive Stvitciie.s. 
In order to describe clearly the function- 
ing of the electrical control circuits illus- 
trated in Figures 48 and 49, it is neces- 00 
sary first to explain more fully the char- 
acter and operating characteristics of the 

. position-responsive switches in the three 
groups hereinbefore designated at 33, 33^. 
and 33^. A clear understanding of these 95 
switches may be had by reference to 
Figures 50 to 52 which show graphically 

• the ranges of operation of these various 
switches. 

As previously described, the 33 switches 100 
a3:e operated by the blade-positioning 
mechanisnj ,<ihown in Fijrure 2.') so that 
the condition of these switches at any 
time is directly dependent oh the blade 
angle. These .switches may be of the 105 
simple cam-operated type, that is to say. 
a series of cams fixedly mounted on a 
comjnou shaft may be rotated bv means 
of gears 8i>-^C and these cams may 
operate the re.spective switches of the 33 110 
group. 

The 33a switches, which may also be of 
the cam-operated type, are positioned in 
accordance with the amount of actuation 
of the pitch limit motor 66« through gear- 31*) 
ing as shown in Figure 20. Since .the 
function of the pitch limit motor is to 
establish the limit of adjustment of the 
blade angle, the position of the 33ri 
switches at any time will con*espond to 120 
a paHicular blade angle, although the 
blades may not be adjusted to that angle. 

The 33.? switches are po.sitioned in 
accordance with the actuation of the speed 
control motor Co.?, these .<;witches being 125 
driven by the motor through gearing as 
shown in Fignre 26. These switches may 
also be of the cam operated type. Since, 
for a given wind velocity, the extent of 
operation of motor Gorf determines the 130 
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blade ansle, and lience the torque at the 
turbine suaft, and since the speed and 
load conditions are dependent on the 
torque,' the positions of the 333 switches 
correspond to different speed and load con- 
' ditions of the unit.*' 

With the ahcfve in mind, reference may 
now be had to Figwes 50 to 52. • Figure 
60 illustrates graphically the operating 
ranges of the 33 switches in terms- of the 
blade angle. The 90' position is the 
feathered position of the blade, while the 
. 0' position represents the theoretical mini- 
mum blade angle. As mentioned above, 
however, the S** position is taken as the 
minimum blade angle or pitch position. 
In the illustration of Figure 50, the 
angular ranges ttorough which the respeo- 
.tive switches of the 33 gtoup are closed 
are indicated by the shaded portions of 
the respective quadrantal arcs correspond- 
ing to the respective switches of the group 
as designated, while* the unshaded por- 
tions or the arcs represent the ranges 
through which the .switches are open. 
Thus, the 33 — 1. switch is closed at the 
9' and 32* positions and at all an-gular 
positions therebetween. Likewise, the 
33—2 and 33 — 3 switches are closed 
throughout tiife ranges indicated includ- 
ing the end positions of said ranges. - It 
Vill be noted, howeyef, that the 33 — 4 an^ 
33--5 switches are open throughout the 
entire 90' range, but these switches close 
at the 90" position, or in * ot^er words, 
when the blades reach the feathered posi- 
tion. • * . ^ .1 

The illustration of Figure 51 is similar 
to that* of Figure 50. and shows' in like 
manner the operating ranges of the re- 
spective switches in the 33a group. In 
this instance also, the switches are closed 
at the end positions -of their .respective 
" closed " ranges antl at all positions 
therebetween. For reasons which 
appear hereinafter, it is . important that 
the " closed ranges of switches 2m-ri 
and 33fl— 4 do not overlap. ' - 

Figure 52 illustrates m.a similar way 
the operating ranges of the 33* switches 
but, as noted above, the positions of these 
switches correspond to. different speed and 
load conditions of the turbo-generator unit, 
and, therefore, .a different typfc of chart is 
utilized to illustrate their operating 
ranges. As will be seen from Figure o^, 
- tliere are four principal positions come- 
- spending, respectively, to 50% speed-no 
load, 90% speed-no load, 100%« speed-no 
60 load and 100% speed-full load. As shown 
by tliis chart, the 33^—1 switcli is closed 
at and above tfie 100% speed-no load 
position; the 33.^—2 switch is closed at 
and above the 50% speed-no-load posi- 
66 tion; the 33i— 3 switch -is closed at and 
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below the 100% speed-full load position; • 
and the 33s-— 4 switch is closed at and 
above the 90% speed-no load position, 
'The illustrations of Figiires 50 to 52 
vdYL greatly assist in obtaining a clear 70 
unders^nding of the operation of the elec- 
trical control circuits now to be desc ribe d. 
Electricai. Contool Cmcurrs akd theik 
' Operation. 
The electrical system which controls the 75 
operation o£ the turbo-generator unit is . - 
shown in Figures 48 and 49. In consider- . 
ing this system, the - sheets containing 
these figivres should 'be placed end to end 
with Figure 48 at 'the left. 
. The generator 34 feeds into the trams- 
mission line 221 through the circuit * 
breaker 222 when the latter is closed, ihe 
control circuits illustrated in Figures 48 . 
and 49 are adapted to perform the follow- 80 
ing functions^' ' •a 

. 1. To '.bring the turbo-generator unit 
up to synchronous speed when prevailing 
"wind velocity is adequate. [: ^ 

2. To place the generator on the line UU v., 
^ when it is properly synchronized with .the :\. 
.line frequency.. ■-../•* 

3. To gradually load the . generator 
• until it is operating under full-load «>^^"; - ^ " • 

':ditionsl , * ^ Lu 

4. To remove the generator from tne . : 
line whenever tiie wind- velocity decreases 
to such an extent that the generator load 
decreases to a predetermined minimum. 

5. To remove the generator from the IOC 
line when the wind velocity becomes ... 
excessive. • , ' x j " • 

6. To -effect emergency shut-down in 
response to abnormal conditions, sucn as 

over-speed* <» • 

The manner in which these functions 
are performed may be understood by 
reference to Figiu:es 25 and 26 in conjunc- 
tion "with the circuif diagram of Figures 
25 and 26 in conjunction with the circuit 
diagram of Figures 48 and 49. Some of 
the control elements are operated by* the 
output current of the turbo-generator unit 
whue others are operated by current de- 
rived from a control circuit comprising 
lines 223 and.225 which are connected to 
a suitable energirinor source (not shown), 
for'esample a 110 volt (a.c. or d.c.) source. 
The system as a whole may best be under- 
stood by considering its operation in the 
performance of the above-mentionert 
functions. , , ■ i 

As previously mentioned, the low-speea 
switch 14 is open at speeds below a pre- 
determiaed low-speed, and this switch 
closes at the said predetermined low-speed 
and remains closed as long as the speed of 
the unit does not decrease below the sairi 
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preaetcmined s^eed. As previously m- 
■ (iicated, the mimmtim speed at wlucli the -lo 
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control system commeuces its starting 
sequence in response to closure of - switck. 
14 may be 5* of tiie rated speed of tlie« 
unit. 

A STABTiNa Sequence. ^ . ...-i 

. Assume 'first that the wind velocity is, 
so low that the low-speed 14 is open and 
. tiie generator is discoimeeted .from. /the. 
line, the unit being driven idijr at low 

IQ speed by the prevailing wind* This is the 
normal shnt-dowu condition, which obtains 
by reason of low wind .velocity, as - de- 

. scribed hereinafter..' ITndei* such circnm- 
stances, switches 33a will be in the 30" 

16 pofdtiou, switches 33s will be in the 100% 
speed-no load- position, and the various^ 
circuit elements will be in the condition 
shown in Figui'es 48 and 49. In response 
to the low speed; the governor tries to in- 

20 crease the 4)lade pitcE. but the blades 
cannot be moved beyond the 30° position, 
which is Uie limit then established by 
motor 65fl. . ' > * 

Assume now that the wind velocity in- 

26 creases sufficiently to increase the speed of 
the idly driven unit until the low-speed 
switch 14 closes. The closure of this 
switch energizes a timing relay 225 whose 
contacts 22G are dOsed at the end of a 

30 predetermined time interval. It is pre- 
• terred to employ a timing device to 
initiate the starting sequence in order that 
8udi sequence will not be initiated by a 
temporary increase Jn \niid velocity. 

35 The timing relay 225 may be of any 
suitable form. For the purpose of illus- 
tration, a. specific fonn of this timer is 
illustrated and comprises a ^ small motor 
227 arranged to drive a movable member 

4Q 228 through suitable reduction gearing 
229 from a normal rest position against 
stop 230 in a counter-clockwise direction 
aminst the action of a return spring 231. 
TVlien the arm 228 has travelled suffici- 

46 ently, it engages a contact-carrying arm 
232 mounted on leaf spiing 2-J3, tliei^by 
causing contact 234 to leave contact 235 
and engage contact 236. This deenevgizes 
the motor 227, permitting member 228 to 

50 be returned to rest position by spring 231, 
and at the same time energizes a holding 
electromagnet' 230^/ for the arm The 
upward movement of arm 232 also closer^ 
the contacts 22G nbove mentioned. In 

55 order that motor 227 shall not be de- 
energized before the Imlding magnet is 
enei-gized, the contacts should be ari^ngeil 
so that rontarts 234 and 23-3 remain 
closed until after contacts 2-14 and 23(i 

60 are closed. This may be accomplished in 
simidc manner by use of spring fingers 
carrying contacts 23.'} and 23(j. as shown. 

Tfie closure of the fimiuir relay contarts 
226 at the end of the timing |)eiiod ener- 

65 gizes a master relay or contacti»r 237. The- 



closure of relay contacts 238 energizes 
motor 65a through its field winding 23D* 
The opening of contacts 240 prevents 
closure of tie circuit through the other 
field winding 241 when switch 33a — 4 70 
closes. Motor 65a is thu^ operated in a • 
direction to establish the 5' limit of- the 
blade angle after a time interval^ and, 
'when it reaches this limit position, the 
motor is deenergized by the opening of '75 
switch 33a— 1- The blades follow the 
limit motor until the opposing force of the 
speeder ring 41 is encountered, at whicli 
time the motor 6dj assumes -control. 

The closure of the low-speed switch 14, 80 
in addition to initiating the above opera- 
tion, closes' an energizing circuit fox the 
synchronising control timer relay 243 
which has a suitable, time delay character- 
istic to delay tiie synchronising operation 85 
until the motor 6oa. has operated to the 
5* limit. As illustrated, timer 243 may 
be of the same form as timer 225. and the 
parts thereof are designated similar to 
those of timer 325. It will be noted that 90 
the switch 33—1 is included in the ener- 
gizing circuit of timer 243 and, therefore, 
the timer is. energized if the blade angle 
is within the 9*---32" range, as shown in 
Figure 50. Thus, it is insured that the 9o 
synchronizing sequence will not be started 
if the wind velocity is too high or too low 
for satisfactory operation. The operation 
of timer 243 closes the secondary cii'cuit 
of potential transfonner 243 and renders 100 
operative the synchronizing apparatus 
now to be described. 

SYNClIROXIZiyG UrERATlON. 

The relays 244 and 245 are selectively 
operated in accordance mth the fi-equency 106 
difference between the generator 34 and 
line 221, and these relays effect the opera- 
tion of speed control motor 65.>' in a 
manner to bring the generator into syn- 
cluonization with the line of frequency. 110 
To this end, the windings of relays 244 
and 245 are connected via conductor pairs 
246 and 247 respectively, to the frequency 
matching circuits comprising potential 
transformers 248 and 249. The selective 115 
energization of these relays is dependent 
upon the relative phase rotation of the 
voltage across winding 250 with respect to 
the voltages acros:; bindings 251 and 252. 
Assuming a pai-ticular phase rotation of 120 
the two circuits involved, relay 244 is 
cnergissed by the ve<^torial sum of the 
voltaj^es across transfonner secinidaries 
2.jO and 252. Conse(iuently, one or the 
other relay will be energized first depend- 126 
ing u])on whether the generator frequency 
is above or below the line frequenev, aull 
the selected relay is picked up once ihn ing 
earh cycle of frequency difference and im- 
parts impulses, to motor Cos. It will - be 130 
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noted that the relays 244 .And 246- -are 
interlocked with one another bymeans of 
the coiitacts 253 and 25^ eo that .when 
" one relay picks up/ .the other is- locked 
?..6 out. Also, each rdiay is so desisted that 
. it drops out at*a .time when the vectorial 
sum of the voltages across the other relay 
is below its pick-up value, eo that only . 
one relay is picked up during -each cycle 
-10 of frequaicy difference.:-.- ' 
. Belay. 244 operates in response to low 
generator frequency in comparison on the 
line frequency, while 'relay 245 operates . 
in response to high g^erator frequency. 
•16 The contactB-256 of relay 244 are.included 
in a circuit for £eld. winding 256 of motor 
66«, while the contacts 267 of relay 245 
are included in a circuit for £eld wind- 
ing 25B of -motor 65s* Normally •■ closed 
20 contact* -259 and 260 of the respective 
relays 244 and 245 axe included serisiUy 
in an energizing circuit* for a slow acting 
"relay 294 which controls the closing coil 
261 of circuit-breaker 222..- Relay 294 is 
^25 so designed that it picks up only when the 
frequency difference between the gehei^tor 
^ .9nd.line is substantially zero* . : * 
'•^Assuming that the generator frequency 
is lower than- the "line frequency, relay 
^30 244 will be energized as above. described, 
• '4herQby impulsing motor 655 thrbjigh its 
field -winding 256 and causing the motor to 
*v operate in a direction .to increase the ten- 
sion of the speeder spring 41.. This per- 
mits the governor to- change the . blade 
angle to'.increase the speed of the^turbo- 
gene]:ator unit, . thereby increasing the . 
generator frequency.- When the speed of 
the unit. is such that, the generator fre- 
quency matches that of the line 221, relays 

244 and 245 remain deenergized and relay 
294 picks up closing an.energizrag circuit 
for .coil 261 via conductor 295, Conse- 
quently, the circuit breaker 222 is closed 
to place the generator on. the line. If 
synchronous speed is not reached with the 
blades within the 9'— 32' range, switch 
33_.l will open, thus deenergizing the 
•timer relay 243 and opening the synchron- 
izing circiiits, . AVlien the blades again 
come within said range, synchronizing 
will be again attempted. '. 
» If the generator frequency happened to 
be. higher than the liae frequency, relay 

245 would be energized, thereby energiz- 
ing motor 65.S through field winding 258, 
causing the motor to run in a direction 
to decrease the tension of the speeder 
sjpring 41; thus causing the governor to 
decrease the speed of the unit xuitu the 
frequencies matched one another. 

• "When the bi-eaker 222 closes, switches 
29G and 302 close. These switches may be 
arran*'ed on the breaker as an integral 
.56 pait thereof. The closure of switch 296 
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completes an energizing circuit for ' a* 
timer relay 287 wMch starts timing, said 
circuit extending from conductor 223 
through switch 296, conductor 297, - the 
contacts of underpower relay 285, con- 
ductor 298, contacts 234 and 235 of timer 
287, and motor 227. to conductor 224. If 
the generator load does not increase to the 
value at which relay 285 operates (about 
100 K.W.) within flie timing period of 
tiiner 287, the latter will energize relay. 
289 whose contacts 290 will energize the 
breaker trip coil 286rover conductor 299. 
Hence, the timing period of timer 287 
should be such as- to normally permit the 
operation of relay 285 within said period. 
The under-power relay 285 may comprise 
a wattmeter device 269 whose torque is 
opposed to the force of a spring 270 and 
tends to open the relay contacts. 

LOADlNa OF -THE GeNBRATOB, 

When the generator is placed on the 
line, it is operating under.no load and 
simply floats on the line. At this point in 
the operating sequ^ce, the generator is 
caused to taie the load gradually under 
control of the load-responsive control relay - 
262 which controls the operation of naotor 
.65i in a manner presehtly to be described.' 

The load-responsive relay 262 may take, 
any suitable form and, for the. purpose of 
illustration, it is shown as comprisingr a 
wattmeter device 263. whose torque * is : 
opposed to the force of a spring 272 and * ^ 
tends to drive a movable contact arm 268 100 
counter-clockwise. In the specific illus- 
tration, the potential coil of the device is 
connected via conductor pair 264 'across 
the potential transformer 248, while the 
current coil is connected via conductor 105 
pair 265 to- a current ti'ansformer 266.* 
While the device 262 is illustrated for 
simplicity as being of the single-phase . 
type, it could, obviously, be of the poly- > 
phase type,. as will be well oinderstood by 110 
those skilled in the art, * . 

For a given adjustment of the spring 
tension, the movable contact arm 268 will 
be positioned in accordance ' with the 
power supplied to wattmeter 263.; The 116 
tension of spring 272 should be' adjusted 
so that it is just balanced by the torq\ie - 
of the wattmeter when the generator is . 
delivering the rated power. • • 

Eetuming now to the loading of the i^U 
generator, under no load conditions, ' the 
wattmeter 263 will exert substantially no 
torque, and, therefore, the movable con- 
tact anil 268 will be rotated by spring 27^ 
into engagement with contacts 274. These 126 
contacts are included in an energizing 
circuit for relay 275, which circuit may 
be ireadily traced. Relay 275 Pjcks up 
when voltage is applied to leads 264, 
closing its contacts, and thereby energiz- iw 
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iiLg,a iiot<:hin^ relay which may comprise 
a motor 27G, the energizing cii^cuit- of 
which is connected across voltage leads 
264, and a cam 277 driven by the motor 
5 to effect intermittent closure of a contact 
278. The motor 276 is controlled by' con- 
tacts 2!79 of relay 275, while the contact 
278 is included in circuit with contacts 
280 of the said relay. It >yill » How be 

10 seen that motor 65« is intermittently ener- 
gized tlurough it^ field winding 256 and 
through switches 302, 33— ^ and 335—3. 
Thus, motor 603 is notched in a direction 
to increase the tension "of the speeder 

15 spring 41, thereby pennilting the governor 
tp decrease the pit<;h of the blades as the 
generator takes the load. In other words, 
the increasing load of the generator • 
requires increasing torque at the' turbine 

20 shaft to maintain the speed, and this in- 
ci*easing torque is applied by causing the 
governor to decrease the blade pitch under 
control of motor 653. It will be noted, 
that the operation of motor 65* in a direc- 

25 tion ^0 cause decrease of the blade pitch 

. is limited by the switches 33—3 and 333-^ 
whose limits coiTespond; respectively, to 
the 6" blade limit and* 100% speed-fuU 
load: • • ' • • *. .* 

30 • TThen the generator lend increases' to 
that corresponding to the setting of con- 
trol device 262, the torque of wattmeter 
263 counterbalance the force of spring 272 
and causes contact 268 to assume an open 

35 position, thereby deenergizing relay 275 
which' drops out and interrupts the notch- 
ing of motor 65j. \If the genei*ator does 
not take full load with the blade pitch 
within the 5* limit and with motor 65* 

40 operated to an extent not in excess of the 
100% speed-full load position, either of 
the switches 33 — 3 and 33^^3 will open* 
The unit will then operate at less than full 
load until the wind velocity increases 

^5 sufficiently to enable full loading. 

If the generator load should rise above 
its rated value, for which the control 
device 262 is adjusted, the toi*que of wntt- 
* meter 263 will overbalance the tension of 

50 spring 272, thereby moving contact ann 
208 counter-clockwise into engagement 
with contacts 281. The latter contacts 
close the energizing circuit of relay 282 

. • ; whose contacts 283 and 284 close the 
* 66' circuits of the notching device 276 — 278. 
In this, instance, the motor 65,? is inter- 
mittently deenergized through its field 
winding 258 and operates in a direction to 
* decrease the tension of the speeder spring 

60 41, causing the governor to increase the 
blade pitrh, thereby decreasing the torq^ue 
at the turbine shaft and causing the 
generator to droj) load imtil the load again 
reaches the rated value, when relay 282 

65 is deenergized. 



After the generator has been fully 
loaded, as above described, the tm*bo- 
generator unit will operate under control 
of the i-egiJating device 202 to maintain 
the rated load. An increase or decrease in 70 
the load will effect operation of device 262 
in a manner to energize one or the other 
of the relays 275 and 282|* as above des- 
cnbed, so as to operate the control motor 
605. As previtmsly mentioned, the unit is 
preferably designed to operate diuing pre- 
vailing wind velocities of 30 to 60 miles 
per hour, and normal regulated operation 
-will take place as long as tho wind velocity 
is within this range. - *■ w 
Shut-Do Opeeations. 

Assume now .that the wind ' velocity 
decreases to such an extent that the blade 
pitch is increased- to the 5' limit 
established by motor 65a. . This is the °" • 
position for maximum torque at the tur- 
bine shaft and, if the wind velocity 
becomes insufficient to develop enough 
torque to hold the load; the load will ^ 
decrease and, when it has decreased to ■ 
about loo K.W., the underpower relay • 
285 will drop out, thereby energizing the 
timing relay 287- which, after a time 
interval, closes ' its contacts 288, thus 
energiaing relay 289, which locks itself in 
through contacts 300 and switch 33*—l 
which is closed. The closure of contacts 
290 of relay 289 energizes the trip coal 286 
of circuit-bireaker 222, thus removing the 
generator from the line and opening ^■ 
switch 296 to trip timer 287. Simul- 
taneously, the closure of contacts 291 of 
relay 289 energizes motor 65* thi-ough 
switch 335 — 1. Consequently, motor te* |n£ 
operates in a direction toward the 100% 
speed no-load setting at which switch 
switch 33^ — 1 opens. 

• ^^Vith the generator off the line, the unit 
will run idly under control of the govemor, , , ^ 
and when the wind velocity increases • 
sufficiently to cause the govemor to move 
the blade within the O"*— 32"* range, 
switch 33 — 1 will close and again initiate 
thfe synclironising cycle. The generator ^ - . 
will be placed on the line and brought up 
to the full load as before. 

If the wind velocity does not iuci-ease, 
but instead decreases to such, an extent 
that the speed of the unit falls below 0% 
of the rated speed, the low-speed .switch 
14 will open, thereby deenergizing the 
master contactor 237. The closing of con- 
tacts 240 will energize motor 65^ through 
its field winding 241 and switch :)3a-— 4 
(now closed^, causing the motor to nin 125 
from the 5** limit position until it is 
doenergtzcd by switch 33a — 4 at about the 
30° ])ositinn, as shown in Fiiruve 51. Con- 
.set^ieutly, the blades will Iw moved to the 
30* i«witinn which has boon taken :h the 130 
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optimum ^sition for- re-startiug^ the xmit. 
At such tune, the apparatus Tvill be in the 
condition of noional shut-doxni from 
whence the foregoing description of its 
5 opeimtibn was started. 

Assuming again that the unit is operat- 
ing under load, suppose that the T^-ind 
vJocity increases beyond . 60 miles per 
houi:, the upper limit for norinal opera- 

iO ^ion. As the speed of the nmit increases, 
the goTemor moves the blades towards the 
feathered position to compensate for the 
increase in speed and when the blade angle 
reaches 28*, switch 33 — 2 closes* thereby 

15 energizing the timing relay 287 which 
initiates the shut-down cycle as previously 
described.! When the >vind velocity 
decreases sufficiently to causQ the governor 

■ to. bring the blades .within the 9/— 32' 

20 range, switch 33 — 1 closes to again initiate 
- the synchronising cycle. f:^ , ' * , • - 
' . Assume now that the unit -is .operating 
under load and the wind velocity increases' 
suddenly to' such an extent that the over- 

25':8peed switch 292 is opened. This 
deenergizes solenoid B causing feathering 
* 0^ the blades under control of the 

• * mechanical timer associated with solenoid 
B as previously descnbed with reference 

30 to- Eigure 26. The opening of - the over- 
feed switch 292 also deenergizes the 
normally energized relay 293 whose con- 
tacts close an energizing circuit fpr motor. 
6ort through its field winding 241 and 

*j5 switch 330-72. . Motor 6oa is thus.caused 
to nin in a direction to move the blade 
limit toward the feather position until it- 
is deenergized.by the opening of switch 
33a^2. !rhe dropping out of relay 293 

40 also closes a circuit for motor 65; through 
its field winding 258 and switch 33^2. 
Motor 65; is, therefore, caused to operate 
in a direction toward the bO% speed-no 
load position where it is deenergized by 

45 the opening of switch 33«^2. 

TFhen the blades reach the feathered 
position, switch 33 — 4 closes, thereby 
energizing solenoid A to close the supply 
valve in the hydraulic system as previously 

50 described. ' ' 

Emergency shut-down, suoh as is effected 
by the overspeed switch 292, may also be 
effected in response to any other enierg-ency 
condition ' simply by ' placing ' the 

55" emer^ncy controls in series %dth the 
switch 29i2 so that the opening of any one 
of the emergency switches vriW dceuergize 
the solenoid B. 

• After emergency sluit-dowii, it is 
60 necessary to perform' cert ii in luanuiiL 
' operations to cimditiou the ajipurutiirj for. 
subsequent' operation. The limit motor 
Qba must be run back to the 30* iMi.sitiou 
by closing the maniial awitcli '503 which 
66 energizes the motor thnnigh fidd wiiidhi- 



239 and switch "33tt— 3 (now closed). 
Motor. 65; should also be I'un back to the 
100%. speed-no load position by means of. 
'manual switch 301. 

Conclusion. • 70 

It will be obvious that in a construction 
of a large wind turbine, of which the 
generator is of the synchronous tyi>e, the 
problem of control is vital. This is par- 
ticularly true since, as .haa been lierein- 76, • 
before pointed out, the structure of the 
wind is not \miform, being typically 
gusty. In a turbine design of iMs 
character, for location on a particular site, 
a definite ^tiness pattern can be 80 
assumed. It is essential that the energy 
surges in the generator be greatly damped,- « 
in comparison with the energy surges in. 

the gusts.. ; *.* ^**ot 

. Free, or substantially free, coning of 86 
the blades assists materially in such 
damping, but in order that proper regula- 
tion may be had, it is essential £hat there. 
l>e built into the turbine a unit 'inertia 
sufficiently high to produce a decided fly- . 
wheel effect. Since it is also important for 
efficiency in operatdon that the solidarify 
factor of the turbine disc be not greater 
than 10 per cent, witi-the blades at zero 
pitch, it follows that in generation of 95; 
cmTcnt in any considerable quantities (the 
range of 500 to 15,000 K.W.) the disc 
diameter must be large, a blade radius of 
50 to 200 feet being essential in order that , 
sufficient power may be derived from the 100 
wind at lower %vind velocities. . This, in 
turn, requires a very considerable tower 
height, more particidarly discussed herein- 
after. The unit inei-tia should not be less 
than 4,000,000 where unit inertia is 105 
given by . " 



in which W is in units of ponnds, and 11 • • 
is in units of feet, and should not exceed 
100,000,000. 110 . 

With a turbine of ; such dimensions, ''i * 
there i« a second factor which must be 
given consideration. Above a given site 
there is a constantly ' vai-ying wind 
velocity at diffei-eiit levels in the possible 115 
range of disc location. The rise in • ,* 
velocity from ground level to a point 
approximately 20 feet above the terrain is 
extremely xanid with a much lowered 
increase in \elocity from this point 120 
upwardly. It, therefore* follows that the 
gioimd clearance of the disc should be 
made at least 20 feet, thus assuring a nuich 
more uniform energy disti'ibution in the 
disc. For tliis reason, the tower, height 126 
sliould be made suffirieut ti> provide tnis 
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clearance, and with .the blade radu given 
the to^^ei should be at least 70 feet m 
heiaht. While an increase in height of 
the tower .nil provide an increased 
f efficiency in operation, the height should 
not exceed 250 feet even for a turbine disc 
of masimum proportions. ^Tbe »tao of 
tower he^ht to disc diameter should not 

to ^''iriay'be here pointed out 4at the most 
" advantageous rites available for turbines 
of this character, are crests At such a 
rite, due to the slope of the i^^ke ,^ ere is 
ahvays a vertical component of the wind 
IS direction at the turbine. 

If this vertical component 19 sufficiently 
Bwat at a site, the turbulence resulting 
h<m the vertical component becomes so 

• great that the site cannot be Monomically 
90 Sdcupied. Tor this reason the selected 

. ^ riSoUldhave an intake slope of a mean. 

• Sgle not greater than 60 degrees and 
.' aholild. preferably, have a mea^ angle o^ 

Ipproxiiately 30 degrees. .It will be 
05 obvious that the inclination given the 
of the turbine by sloping the same down- 
wardly up-wind means that the turbine 

• disc ^11 ^e presented to the T^^d at a 
much more efficient angle than if the axis 

an were horizontal. Preferably, the shaft oi 
^ Se turbine should be arranged at mi angle 
approximating the mean angle of the 
at the site, and ce^^f i?^"™^^ ^* 
deviate therefrom more thaa lo • . 
event the -angle of the axis to the hon- 
8"^ ^ll should^be not less.than 5 degre^^ 
This angle may be increased to meet the 
mean angle of the wind to as high as Oi 

,„ wiil be obvious that the JO'^atraction 
illimtrated is but one of r^^^^^^^^ 
the units may assume. We . 
accordin<'lv, wish to be understood as 
Sing ouwelves to the specific structoe 

46 he^n aiustrated except as hereinafter 

iS^g now particularly described and 
ascertained the natui-e of 0^' ^^J^fj^^?; 
. ticn and in what manner tbe same is to 
60 be performed, we declare that what we 

''^l^An'^iangement comprising a wind 
tuJbine inountJll on an ^levated standard 
Xreiu the ..itch of the blades w 

56 from a position whei-e the pl^.o^^s of the 
bla es are d«P«'-''«'d »t a niiuimuni pi^^^^^^ 
angle to the plane of rotation ot the blades 
offering a maximum speed of station of 
tlifturbine sliuft at a given wind velocity, 

AO ra fVatWd position, the turbine operat- 
iuff a variable load dence imposing a pve- 
Snlilicd minimum load on the^shatt o 
the turbine whi-n operated tlieieny, tnerc 
WnK Fovided means to vory the pitch 

66 of the Iblades to control the toi-que of the 



turbine, means to connect the load device 
to the shaft for operation tketeby, and 
means to prevent operation «,tl»e last 
named neans until the pitch of the blades 
is «t a pi-edetermined angle greater than 1" 
said minimum angle. . 

2. An arrangement according to claim 
1 wherein there is a safety control opera- 
tion of which initiates movement of the 
blades to feathered position. 

3. An arrangement according to either 
of the preceding claims ^>e'e™ Jl^f**-"! " 
pivotal connections between the blades »nd 
shaft permitting independent coning of . 
the blades in response to centrifugal and 80 

^^4 Vn^rrangement according to claim 3 
wherein the pivotal connections xestram 
such coning movements to planes includ- 
ing the axi;. of rotation of the turbine. » 

I. An arrangement according to any of 
the preceding claims wherein the load 
deviM is an alternating current generator 
means being provided for controlling the 
Spangle 0I the turbine, to" effect syn- »« 
Jw^d operation of said alternating 
cmxent .generator with an energised 
electric system. ' ' ' x 

6. An arrangement according to claim 
5 having means responsive to fhe relative »» 
£^«enc!es of said generator and said • 
sTstcm for controUing the blade angle of 
Ttobine to decrease the .frequency 

^T-AuTrrangement according to claim 5 100 
or 6, wherein provision is made for syn- 
chroniring the generator witti the wid 
Sm ontv if the velocity of the wind is 
aUve a predetermined minimum value. . 
and the blade angle is within a predeter- 10b 
mined range of angle values. 
8. An arrangement according to clam 
• 5, 6 or 7, having means to control the 
blade angle to increase the power outout 
of said generator after it is connected to UO 
the said system. , . 

9 An arrangement according to claim 

8 wherein the said control means is res- 
ponsive to the connection of the generator 
to the system. i 1 • 

10 An aiTangement according to claim 

9 wherein the said control means operates 
ii response to the power ^outimt of the 
generator and serves to effect and maintain • 
a predetermined value of the output. 

11 \n arrangement according to plaun 
10, having means responsive to a blade 
auole of predetermined low value for pre- 
venting the power output ve.M>onsive ineam 
from dcrensiug the blade angle fnrther. 125 

12. An arrangement according to claim 
11 baViiig. means responsive to the power 
output of the generator decreasing below 
n predetermined value for effecting the 
disconnection of the generator from the IW 
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said system. 

*. . 13. An arrangement according to arat 
of claims 5 to 12, having means to di^ 
connect the generator from the said system 
5 when the blades have been moved tow'ard 
feathered position a predetermined extent. 
'-J' 14. An orrangment according to any of 
claims 6 to 13, characterised in that the 
^•generator is operated substantially aMts 
10 rated load as long as the velocity of the 
driving \nnd is within a certain operating 
range, but the generator is disconnected 
'from the said system if the driving wind 
■' decreases to such -oji extent that 

15 the load cannot be held, or if the driving 
wind Telocity increases beyond the operat- 
ing range. . • ; ' 
' l5. An arrangement 'according to claim 
^ 14, having means for moving the* blades 
20 }^ ^. predetermined position after discon- 
iieddon of the generator, if the driving 
• wind velocity decreases to such ^n extent 
that the speed of the turbine-generator 
unit decreases below a certain percentage 
of ; its rated speed. ' ' ; * 
;^»'i6. An arri&ngement according to claint 
14,- -having means for moving the blades 
to. their feathered position in response to 
. .. a predetermined high veloci^ of the 
30 driviag wind. 

"17^.: An arrangement according to rfny* 
of claims 5 to 16, having a governor for 
controlling the blade angle, and means 
. , for , modifying the operation of the 
* 35 gQvemor to control the, speed or power out- 



put of the generator. 
' 18, An aiTangement according to claim 

17, ■ having a fluid-pressure motor con- 
trollable by said governor- to conti'ol the 
blade angle. \{} 

19. An arrangement according to claim 

18, whei'ein said fluid-pressui*e motor is 
operated by a fluid-pressure pump driven 
by the turbine, and said governor controls 
communication behveen the pump and the 45 
fluid-pressure motor. 

20. An arrangement aqcording to claim 
1(7; 18 or 19, wherein an electric motor 
serves to modify the operation of the 
governor to-effect the desired control. ■ 60 
• 21. An arrangement according to claim 

20, wherein a second electric motor 
establishes the limits of control of the 
blade angle. 

22. An arrangement according to claim Sb 

21, t wherein the control functions are 
efiPected through the medium of switches 
whose positions are co-ordinated with the 
blade angle and said electric motors. . ' 

23. An an-angement according to claim filD 

22, having three separate groups of 
switches' which are co-ordinated res- 
pectively .with the blade, angle, the first 
electric, motor and. the second electric 
motor* . 6S . 



Dated this 12th day of llav. 1943. 
J. Y. & G. W. JOHXSON^ 
47, Lincoln's Inn Fields, London, W'.0.2, 
Chartered Patent Agents. 
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BibMothcek 



: We, S. lIoKGA^' Smith Comp.iny, a cor- 
Vonition ur<i^anised Tinder the laws of the 
State of Pennsylvania, United States of 
America, of York, York County, Penn- 
sylvania, United States of America, do 
herebv declare the nature of this inven* 



invention is the elimination of the storage . 
problem and the provision of a wind tur- 
bine of lar^e capacity capable of such &5 
regulation that it may dii-ectly feed a line 
in conjunction with other generating 
sources or, if so desired, may be operated 
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SPECIEICATION No. 555,439. 

Page 2, line IH), for stull " read 
still " 

Page 8, line 10, for "yawn-" read 
** yaw *' 

Page 8, line 99, for *' genral " read 
general *' 

Page 10, line 23, for ebients " read 

^* elements " 
Page 12, lines 110 and 111, delete 25 

and 2G in conjunction with. the circuit 

diagram of Figures-*. 

Page 12, line 116, for " 225 " read 
It 

Page 13, line 7, after " low-speed *' insert 
** switch " 

Page 13, line 124, for 250 and 252/' 
read "250 and 251 while relay 245 
is energized by the vectorial sum 
of the voltages across transformer 
secondaries 260 and 252." ** 

Page 14, line 19. for 65s " read " 65* " 

Page 15, line 57, for " deenergissed *' read 
" energized 

Page 17, line 9, after " 1.8 " insert " . " 

The Patent Office, 
November StJt, 1943. 



sijecial storage facilities are ordinarily 
necessary, such as storage batteries or con- 
vin-sion of the available power to ^ some 
form enabling its subsequent re-use in the 
production of power is necessary in order 
to rarry peak demand over calm periods 
:nid to consei-ve peak geiieiration ovor 
periods of low demnnd. This feature has 
been a necessary troublesome and 
inefficient feature of previous windnlriveu 
cIiTtric power plants. 

An important object of the present 

[Price II'] 



High velocity turbulence, but it renders 
the generating station non-productive dui*- 
ing a substantial number of hours j>er 95 
year. Accordingly, the invention has for 
a further purpose the provision of positive 
gale protection for the entire aeroelectric 
generating station, including turbine and 
genei-ator, without shutdowns during 100 
gales, by permitting the blades to in- 
dependently cone down- wind, responsive 
to wind forces and fo centrifugal forces, 
by means of articulating roupliiigs between 
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